AP1000 on the first cycle operation uses three types of UO2 fuel enrichments that are 2.35 w/o, 3.40 w/o and 4.50 w/o. To compensate excess reactivity, AP1000 uses an Integrated Fuel Burnable Absorber (IFBA) and a PYREX absorber as additional compensator to the boric solution in the moderator. IFBA is a burnable absorber made from ZrB 2 which is integrated into the UO 2 fuel. Human errors, such as fuel misposition, could happen when operators load fuel assemblies into the reactor core. For evaluating the design performance of AP1000, analysis on the change of neutronic parameters due to this fuel mispositioning need to be done. Analysis was performed on the reactor at hot zero power condition (HZP), beginning of cycle (BOC), and zero xenon condition with several cases of mispositioning between two adjacent fuels. Neutronic parameters, mainly the k-eff and power factor distribution will be derived from SRAC2006 computer code module of CITATION. One of the inputs required is fuel lattice macroscopic cross-section data, which are generated by PIJ module. These calculations performed condensation energy group of 107 into 10 groups with JENDL -3.3 library cross section data. From the analysis, it can be concluded that misposition of the fuel in the first cycle of AP1000 core will result in very small change to the neutronic parameters.
Introduction
AP1000 is a pressurized water reactor (PWR) that can produce a nominal power of 1154 MWe (3415 MWth). The reactor is designed by Westinghouse Co. based on the perfomance of the proven PWR. AP1000 reactor can be operated for 18 months for each cycle and has a life time of about 60 years. Today, AP1000 reactors are still under construction in several countries, such as Bulgaria, England, China, and U.S.A [1, 2] .
In the frame of evaluation of the core safety system in National Nuclear Energy Agency (BATAN), a simulation calculation using computer code on safety design parameter of AP1000 core has been done. Some related researches that have been done are analysis on the criticality of AP1000 core [3] , analysis on the coefficient reactivity of the 1000 MWe PWR [4] , kinetic parameter calculation of AP1000 core [5, 6] , and analysis of using mixed oxide (MOX) fuel on AP1000 core design [7, 8, 9] .
ICoNETS Conference Proceedings
At the first operation cycle, AP1000 core uses 3 type enrichments of UO 2 fuels, that are 2.35 w/o, 3.40 w/o and 4.50 w/o. To compensate the effective multiplication factor (k eff ) or excess reactivity in the beggining of cycle of the AP1000 core, borid acid which is dissolved in moderator, Pyrex absorber rod and Integrated Fuel Burnable Absorber (IFBA) are used. IFBA is a burnable absorber made frome ZrB 2 which is integrated into UO 2 fuel, whereas Pyrex is an absorber rod made from B 2 O 3 which is inserted into the guide tube [10, 11] . In the core, UO 2 fuel, IFBA and Pyrex are arranged to form a configuration in such away that it can generate the neutronic parameters which meet the safety criteria, so the core configuration is safe and feasible to be operated. Figure 1 shows distribution of fuel and Pyrex layout on the quarter core of the AP1000 according to the inial design. Part of UO 2 pellets are coated with absorbent material ZrB 2 (called with IFBA fuel) and the remaining are without absorbent material. Fuel assembly is composed by a 17×17 fuel arangement with a certain ratio between the number of UO 2 to IFBA. Based on the UO 2 enrichment and number of IFBA, there will be 9 different types of fuel assemblies. Each fuel assembly with their respective positions are predetermined arranged to form the reactor core.
Due to the possibility of human errors, misposition of fuel assemblies might happen when operators load thoes fuel assemblies into the core. Therefore, it is necessary to investigate the effects of those misposition to the AP1000 neutronic parameters.
In this research, analysis of changes in the neutronic parameters of the AP1000 core due to the mispositioning of two adjacent fuels was performed. Analyze is imposed to the core at hot zero power (HZP), beginning of cycle (BOC), and zero xenon condition. Neutronic [12] computer code for ¼ core model in 2 dimension geometry. CITATION is a computer code, which uses diffusion theory in the multiplication factor calculation with finite different method to solve Boltzman equation. One of input data that is fuel macroscopic crossection was prepared using PIJ module. PIJ is a computer code based on transport theory with neutron collision probability method. The CITATION module of the SRAC2006 computer code has been validated for the criticality value of conventional PWR with good results [13] . From the analysis results, it is expected to know the safety characteristics of the AP1000 core's design.
Methodology Fuel Crossection Calculation
The homogenization macroscopic crossection of the fuel calculation performed by PIJ module of the SRAC2006 through condensation 107 to 10 group of neutron energy. Cross section data library used in the calculation was JENDL-3. 
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Neutronic Parameters Calculation of the AP100 Core
Neutronic parameters has been calculated for a quarter 2 dimensional geometry of AP1000 core. Input needed to core calculation using module CITATION of SRAC2006 are nuclide density of non fuel material, dimension size of the core, and homogenization macroscopic crossection of the fuel. Output from the core calculation using CITATION are k-eff, power distribution of the fuel, prompt neutron life time and generation time, as well as delayed neutron fraction.
As shown in Figure 4 , two-dimentional model geometry of the AP1000 core is built from fuel lattice of 3 type of fuel enrichment that are 2.35 w/o, 3.40 w/o dan 4.50 w/o which relates to region number 1, 2 and 3 respectively. Then, the core is surrounded by reactor baffle (no. 
Mispositioning of Two Adjacent Fuels Assumption
In this study, analysis of the neutronic parameters change due to mispositioning of two adjacent fuel has been done. Such as illustrated in Figure 5 ., it is assumed that mispositioning have occur of two adjacentt fuel in the AP1000 core (Case 1 to 6). While the absorber rod Pyrex position was fixed, do not change from the design data. Case 1 to 6 are all located in column 8 start from the center to the edge of the core. Case 1 to 5, the mispositioning accour between 
Results And Discussions

Change in the Effective Multiplication Factor
Calculation results of the k eff value changes due to the misposition fuel of AP1000 core are shown in Table 1 . The standard core that has same configuration of the fuel with design data showed that the value of k eff is 1,001910. Whereas the value of k eff for the first operating cycle of the AP1000 core at Hot Full Power, BOC, Zero Xenon condition in the reference data is 1,00. Therefore, differences among calculation result with reference data is 0,001910 or 0,19%. So that, it can be said that the keff value of AP1000 core calculation result using module CITATION of the SRAC2006 computer code is about the same with refferences value.
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ICoNETS Conference Proceedings From this table it can also be known that except case 6, mispositioning of the fuel in tne AP100 core cause a small increament in the value of k eff . As it is known that in the case 1 to 5 mispositioning of fuel occured between UO 2 3.40 w/o 88 IFBA fuel with UO 2 Therefore, it would result in a decrease in thermal neutron absorption. Furthermore it will increase the value of thermal neutron utilization factor whichby, then, rising k eff value of the core. The biggest k eff value changes due to misposition fuel in the core is 0.002797 or approximately 0.28 % , that is for the case 1 ( G -8↔F -8 ). This is caused by the UO2 fuel with 2.35 w/o enrichment without absorbent material IFBA moved its position to the centre of the core. So due to the influence of the interaction of neutrons produced by the two fuel Power Factor Distribution The maximum differences of the power factor values are occured at positions B-9 and G-14 which are amount to 0.088 (9.63%) and 0.086 (9.43%). The differences of the calculated and reference values can be resulted from the differences in the computer codes module and input data used by the reference.
Nevertheless, based on the power distribution, it can be said that the both results are in a good agreement. Fuel lattice with high power factor (p i > 1,2) occurs at UO 2 , 2.35 w/o enrichment without absorber IFBA or Pyrex. On the other hand, fuel lattice with small power factor (< 0.6) occurs for UO 2 , 4.45 w/o enrichment. It is caused by its positions are in the outer part of the core that has lower neutron fluxes compared to that in the inner part. It can be concluded that the value of power factor depends besides on the enrichment also on the incore position and the existence of absorber in the fuel as well.
Calculation results of power factor distribution for ¼ core of the AP1000 due to fuel mispositioning case 1 to 6 is presented in Figure 7 . From the table it is found that maximum 
Prompt Neutron Parameter
Calculation results of prompt neutron lifetime and prompt neutron generation time of AP1000 core due to fuel mispositioning are illustated in Table 2 . The value of the standard core (20.7006 ms) is slightly higher than the reference value (19.8 ms ) or about 4.5% difference. For all cases of fuel mispositioning (1 -6) , the maximum changes of prompt neutron lifetime and prompt neutron generation time are 2.35% and 2.06% that is for Case 1. In other words, mispositioning of fuel does not give any significant changes for prompt neutron lifetime and prompt neutron generation time.
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Delayed Neutron Parameter Table 3 shows the comparison of calculation and reference value of the delayed neutron fraction (ß eff ) for all 6 cases of fuel mispositioning at AP 1000 core. The design or reference value is 7.5×10 -3 , so deviation of calculation result is 0.5759 or 7.68%. Then, it can be said that calculation of kinetics parameter using SRAC2006-CITATION give a good result.
It is also shown from the table that delayed neutron fraction (ß eff ) of AP1000 core a very small change either up or down with maximum change of 5.02×10 -6 or 0.073% for cases of fuel mispositioning. Table 3 : Change of delayed neutron fraction, ß eff core AP1000 due to fuel mispositioning. 
Conclusion
Neutronic parameter analysis has been done due to the mispositioning of the fuel in the first operating cycle of the AP1000 at Hot Full Power, BOC, Zero Xenon condition. From the analysis, it can be concluded that misposition of the fuel in the AP1000 core insignificantly change the neutronic parameters, so it will not reduce the performance of the core.
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